In this paper, a numerical solution for a system of singularly perturbed convection-diffusion equations is studied. The system is discretized by the Il'in scheme on a uniform mesh. It is proved that the numerical scheme has first order accuracy, which is uniform with respect to the perturbation parameters. We show that the condition number of the discrete linear system obtained from applying the Il'in scheme for a system of singularly perturbed convection-diffusion equations is O(N) and the relevant coefficient matrix is well conditioned in comparison with the matrices obtained from applying upwind finite difference schemes on this problem. Numerical results confirm the theory of the method.
Introduction
Consider the following system of coupled singularly perturbed convection-diffusion equations: Find such that Some results for systems of singularly perturbed of differential equations can be found in: Linss and Madden [1] , Madden and Stynes [2] and Gracia and Lisbona [3] .
Bellew and O'Riordan [4] , Cen [5] , Amiraliyev [6] and Andreev [7] used the finite difference method for a coupled system of two singularly perturbed convectiondiffusion equations.
T. Linss [8] considered an upwind finite difference scheme on special layer adapted Shishkin and Bakhvalov meshes. He showed that the error in the discrete maximum norm is bounded by and 1 ln CN N  1
CN


for Shishkin and Bakhvalov meshes respectively, where is independent of the perturbation parameters k C  for , and is the number of mesh points used.
The discrete linear systems that arise from Shishkin or Bakhvalov meshes do not have a good condition number. H. G. Roos in [9] showed that the condition number of the discrete linear system associated with the upwind schemes on Shishkin meshes for a single equation is   C is a constant independent of  and the norm is the discrete maximum norm for matrices. Nevertheless, he proposed a precondition which has reduced this condition
In this paper, we study the Il'in scheme (see [10] ), for problem (1.1). We show that for this method the error in the discrete maximum norm is bounded by 1 
CN
 , where is independent of the perturbation parameters k C 
  O N
The paper is organized as follows: in section 2, we give some properties of the solution of (1.1) and in section 3, we state the difference approximation Il'in scheme.
In section 4, we analyze the error of Il'in scheme applied to (1.1), and some numerical examples are presented in section 5.
Properties of the Exact Solutions
In this section, we analyze the exact solution of (1.1). Assume that
, where
x ih and = 1 h N . Consider the following norms:
Consider the following discrete norm:
where the space 1,1 contains , such that
 Difference operators are defined as follows: 
In [11] , it has been shown that
For the vector-valued function
To estimate the error in our difference approximation, we shall require some bounds for the derivatives of the solution of (1.1), under the assumptions   and strict inequality hold at least for one i.e.,

In this case according to (2.4) since , the th component of
y is negative, which is a contradiction to the assumption of the lemma. If there is a
m j m y t b t y t a t y t y t a t y t a t y t y t y t y t a t y t a t
, it is obvious that the right hand side of the above inequality is negative. If 
By theorem 2.2, T.Linss [10] has proved the following lemma. 
By lemma (2.3) and the application of the technique mentioned in [12] , the following lemma can be proved in a similar way.
Lemma 2. 4 Let 
In this section, we deal with the discretization of prob-em (1.1) by the Il'in scheme. We apply the Il'in scheme : Find such that:
for and , where = 1, ,
is the approximate value for that is obtained by the Il'in scheme,
We rewrite (1.1) in matrix form as follows:
The corresponding coefficient matrix in (3.1) is:
where blocks 
Then its general solution for homogeneous equation, which is also boundary layer function, is       = exp for > 0 and
where index j indicates the evaluation at point j x , and .
 
In what follows, we try to estimate the condition number of the discrete linear system associated with the Il'in scheme presented. Then we apply M-criterion [13] , [14] to obtain the condition number. 
Theorem 3.2 (M-criterion). Let a matrix
and from (3.1), for we have . Hence the M-criterion yields that O N . We recall that, in theorem 3.2 and theorem 3.3, A is the usual maximum norm of matrices. This shows that the matrices arising from the Il'in scheme for discretization of a singularly perturbed differential equation are well conditioned respect to the upwind finite difference method applied on Shiskin or Bakhvalov meshes.
For arbitrary , we define
A single equation of (3.1) can be written as follows: 
The matrix associated with operator is a matrix that satisfy lemma 3.4. We have .
Error Analysis
Proof. From lemma 2.4, we can split
is a boundary layer function. Hence, For the error analysis of Il'in scheme applied to the system of singularly perturbed differential equations (1.1), suppose that for and satisfies (1.1). Similar to lemma 2.4, we split
, and for 
where We note that . We introduce the continuous and discrete functions
Applying Taylor expansion with the integral remainder form and using lemma 2.4 and remark 2.5, we have and
; 1 ; Table 1 . From this Table, we observe that the Il'in scheme is a first order uniformly convergent method. 
